As a type of intelligent active devices, macro-fibre composite (MFC) actuator serves as an ideal candidate for diverse applications in structural vibration suppression owing to its high performance, durability, and flexibility in a cost-competitive device. However, its development is usually plagued by MFC's complicated hysteretic property that creates difficulties for deducing the relationship between applied voltage and control force. Additionally, its application is also conditioned by time delay, which not only degrades the performance but also induces instability of the control system. In view of this, an active control method is proposed here for mitigating distributed parameter systems actuated by MFC patch. First, an electric-mechanical characteristic experiment of the MFC is carried out to obtain its mathematic relation between applied voltage and relative strain, which can lay a basic foundation for the control algorithm design of MFC systems. Next, based on uncoupled motion equation of a distributed system, an optimized time-delayed control law is proposed by using a genetic algorithm (GA) procedure. Finally, numerical examples and corresponding experimental cases are utilized to verify the proposed approaches capable of providing satisfactory control effect with different time delays. The present study can cast light on the development of other novel smart devices and their controlled systems.
INTRODUCTION
Nowadays, engineering structures such as aerospace structures, architectural structures, and vehicle engineering structures are becoming more and more large and complex as a result of rapid development of science and technology.
1 Their mitigation of the damage induced by severe dynamic loads becomes a research subject of paramount importance. Recently, many researchers have directed to develop various smart materials for controlling vibration systems due to their reliability and adaptability.
2, 3 Smart materials such as piezoelectric materials, especially PZT ceramics, are used in many applications owing to their high resolution, high bandwidth, low cost, and the simple treatment that piezoceramics offer. 4 However, the brittle nature of ceramics makes them vulnerable in vibration structures with large amplitudes, and also affects their ability to conform to curved surfaces. 5 Recently, piezocomposite transducers have been gaining more and more attention due to their flexibility of bearing greater deformation. It is because the piezocomposite is composed of piezoelectric fibres mixed with a softer passive epoxy matrix.
6, 7 The macro-fibre composite (MFC) constructed and developed by NASA Langley Center is the most widely used piezocomposite transducer since 1996. 8 It is the leading low-profile actuator offering high performance, durability, and flexibility in a cost-competitive device when compared with piezoceramic actuators. 7 The MFC actuator provides these merits and shows great potential in structural vibration control, structural health monitoring systems and other fields. However, MFC's development is still plagued by its complicated hysteretic property, which creates difficulties for deducing the relationship between applied voltage and control force.
In addition to the selected device in control systems, another problem is paying attention to time delays. As is well known, time delay inevitably exists in control systems that should not be ignored blindly. In control systems, if time delay is not properly handled, it may have worse or even adverse effects on the control actions. For instance, it may cause degradation of control efficiency or even instability of control systems.
9 In order to decrease or eliminate the negative effect of time delay in controlled systems, time-delayed compensation method is primitively proposed to deal with small delays. 10, 11 Abdel has used the method to ensure galloping suppression of controlled suspension bridge.
12 Shao applied the method to suppress the first two mode vibrations of a cantilever-like structure.
13 According to large time-delay systems, some new methods have emerged in large numbers that employ H ∞ control.
14, 15 fuzzy control combined neural network, 16 modified optimal control method 17 etc., consequently. These time-delayed methods mainly remain in the phase of theoretical research, which are separately verified valid by large number of simulation examples. In this sense, more experiments should be carried out to demonstrate their effectiveness further.
Based on the preceding research background, this paper proposes a time-delayed controller using genetic algorithm (GA) to efficiently restrict a distributed beam system with MFC actu-
